Introduction
Diabetes mellitus is a progressive chronic disease caused by a relative or definite insulin deficiency or by insulin resistance, leading to hyperglycemia that is characterized by metabolic disorders of lipids, carbohydrates, and proteins. [1] [2] [3] The decreased ability of insulin to act effectively on target tissues leads to metabolic abnormalities that cause an increased risk of cardiovascular disease (CVD) and diabetes mellitus (DM). The important features of the insulin resistance include central obesity, hypertriglyceridemia, low high-density lipoprotein (HDL) cholesterol, hyperglycemia, and hypertension. [4] [5] [6] An early major contributor to the development of insulin resistance is overabundance of circulating free fatty acids (FFAs) that are released from expanded adipose tissue triglyceride (TG) stores through the lipolysis of TG-rich lipoproteins in tissues by lipoprotein lipase.
In the liver, FFAs result in an increased production of glucose and TGs, secretion of very low-density lipoprotein cholesterol (VLDL-C) and low-density lipoprotein cholesterol (LDL-C), as well as reduction in HDL cholesterol (HDL-C). 4 FFAs also reduce insulin sensitivity in muscle by inhibiting insulinmediated glucose uptake, and FFA flux to the liver is associated with the increased production of TG-rich VLDL-C. [10] [11] [12] Dyslipidemia can be defined as lipid metabolism disorder that can lead to elevated total or LDL-C levels or low levels of HDL-C. Diabetic dyslipidemia is a cluster of plasma lipid and lipoprotein abnormality that is metabolically interrelated, and it is characterized by low HDL-C and increased LDL-C, TGs, and total cholesterol (TC) levels. The pattern of abnormality lipoproteins can be individual or combined. High levels of TGs or low levels of HDL-C or both have been identified in approximately half of the subjects in type 2 DM (T2DM). The abnormal features of the lipid profile are common in subjects with central obesity, metabolic syndrome, insulin resistance, and T2DM. 13, 14 Dyslipidemia is the most important and modifiable risk factor for CVDs. Atherogenic dyslipidemia is one of the major risk factors for CVD in diabetic patients. An increase level of VLDL particles in T2DM leads to the generation of atherogenic remnants. Type 1 diabetes (T1D) is also associated with high CVD risk. The lipid profile in T1D with good glycemic control is characterized by subnormal TG and LDL-C, but with slightly elevated HDL-C. [15] [16] [17] The prevalence of dyslipidemia is continuously increasing globally probably due to Westernization of diet, reduced physical activity, and urbanization as well as obesity. Physical inactivity or sedentary lifestyle is a predictor of CVD events and related mortality. Increased adipose tissue (predominantly central), reduced HDL-C, increased TGs, high blood pressure (BP), and high blood glucose concentration are associated with a sedentary lifestyle. [18] [19] [20] There is also high prevalence of dyslipidemia in developing countries due to urbanization, changing lifestyle, and food habits. There are very few data available on the prevalence of dyslipidemia in diabetic patients in Ethiopia. As to the knowledge of the principal investigators, there are no data available on the prevalence of dyslipidemia among diabetic patients in the study area. Therefore, the present study aimed at studying the prevalence, severity, and pattern of dyslipidemia among diabetic subjects in the study area.
Materials and methods
The study was conducted in Southern Nations, Nationalities, and People's Region at Durame Hospital, Kembata Tembaro zone, which is located 290 km away to the south from Addis Ababa, capital of Ethiopia. The Kembata Tembaro zone has a total population of 828,002, of which 404,150 (48.81%) and 423,852 (51.19%) are women and men, respectively. The study was conducted from September 2015 to April 2016. This is an institution-based cross-sectional study.
Data collection techniques
Before collecting any data, an ethical clearance was obtained from the ethical review board of Institute of Health Sciences, Jimma University, to Durame Hospital medical authorities. Next, a permission letter was obtained from the medical director of Durame Hospital to diabetic clinic head office to conduct the study. Then, the aim of the study was clearly explained to the study subjects. A convenient sampling technique was used to select study subjects from study population; this sampling technique was used because it was difficult to use random sampling technique as the study subjects' appointment for their follow-up varied, and some of them might not come for the follow-up on the specified date. In addition to this, it is easy and not time-consuming compared to other sampling techniques. A written consent was obtained from each study subject before any data collection. Interview-administered structured questionnaire was used to collect sociodemographic and clinical data. Those study subjects who were pregnant; who were taking lipid lowering drugs; and who had a known history of cardiac problem, chronic liver, and renal diseases were excluded from the study.
Physical examination
Anthropometric measurements were administered by trained professional nurses working at diabetic clinic in the morning after overnight fasting by using a standardized protocol. The height and weight of each study subject were measured by using analog digital scale without shoes. The height was measured by instructing each subject's feet pointed outward; legs straight and knee together; arms at sides; head, shoulder blades, buttocks, and heels touching measurement surface; looking straight ahead; and shoulder relaxed. The body mass index (BMI) was calculated by using the formula, weight over height square, and the results were recorded.
Circumferences were evaluated by using a stretch-resistant 1-cm-wide measuring tape that provides a constant measurement. Circumference measurements were taken while the subject is in the standing position and breathing normally.
Hip circumference was measured around the widest portion of the buttocks, with the tape parallel to the floor. For taking both waist and hip circumference measurements, the 
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Prevalence of dyslipidemia tape was snug around the body, but not pulled so tight that it is constricting. Each measurement was repeated twice; the average of measurements within 1 cm of one another was calculated. If the difference between the two measurements exceeds 1 cm, the two measurements were repeated.
Waist-to-hip ratio (WHR) was calculated as indicated by World Health Organization as waist circumference (WC) divided by hip circumference. The normal range for WC is ≤120 cm for men and ≤88 cm for women, and the normal range for WHR is 0.9 for men and 0.85 for women. BP was measured by using a mercury sphygmomanometer for three consecutive times. The first measurement was taken after a person sits down for at least 10 minutes, and the following measurements were taken every 5 minutes thereafter. The BP values used for analysis were the mean of the last two measurements.
Blood specimen collection technique and investigation
Five milliliter blood was collected from each study subject by a trained medical laboratory technologist after overnight fasting following the standard operating procedure guideline. The collected blood specimen was kept at room temperature for ~30 minutes for clot formation. After clot formation, the blood was centrifuged at 2,000 rpm for 10 minutes by using a fixed head rotor centrifuge. Then, the serum was separated from the whole blood and stored at −20°C before analysis. Then, the analysis was performed by using A25 BioSystems clinical chemistry analyzer (BioSystems, Costa Brava, Spain) at Hawassa University Referral Hospital Laboratory Unit.
Definition of terms
Hypertension was defined as systolic BP (SBP; ≥140 millimeter of mercury [mmHg]) or diastolic BP (DBP; ≥90 mmHg); both SBP and DBP are elevated in patients on antihypertensive medication.
Dyslipidemia was defined as lipid profile that consists of the following abnormalities either singly or in combination. These include TC ≥200 mg/dL, TG levels ≥150 mg/dL, HDL-C <40 mg/dL, and LDL-C ≥100 mg/dL.
Based on the results of BMI, study subjects were categorized as underweight with BMI <18.5 kg/m 2 ; normal weight when BMI range was 18.5 to 24.9 kg/m 2 ; overweight with BMI range from 25 to 29.9 kg/m 2 ; obese with BMI range from 30 to 34.9 kg/m 2 ; severely obese with BMI range from 35 to 39.9 kg/m 2 ; and morbidly obese with BMI range ≥40 kg/m 2 .
Statistical analysis
Statistical analysis of the data was performed by using Microsoft Office Excel for Windows 2008 and SPSS Version 20.0 software. Bivariate and multivariate logistic regression models were used to assess how well predictor independent variables explain or predict dependent variables and to control possible confounders and to identify the determinant factors associated with the prevalence of dyslipidemia. P-value <0.05 was considered as statistically significant. All the data from questionnaires were checked manually for completeness and clarity as well as edited for inconsistencies before data analysis.
Results

Sociodemographic and other characteristics of study subjects
From the 224 study subjects involved in the study, 53.6% of them (n=120) were men, and the rest were women; the mean age was 38±15; the majority of the study subjects (66.5%; n=149) were aged >30 years; 59.8% (n=134) of them were urban dwellers; and 40.6% (n=91) of them had attended their secondary education. The prevalence of dyslipidemia was highest among men (38.8%; n=84), and among agegroups >30 years (43.8%; n=98). Again the prevalence of dyslipidemia was highest among urban dwellers (36.2%; n=81) compared to rural dwellers. From 24.1% (n=54) of the study subjects who were overweight according to BMI calculation, 94.4% (n=51) of them had abnormal serum lipid profile, whereas 26.3% (n=59) of them had abnormal serum lipid profile according to WHR. From 6.7% (n=15) of the study subjects who were obese according to BMI calculation, 93.3% (n=14) of them had abnormal lipid profile, whereas 80.0% (n=64) of 80 obese individuals had abnormal lipid profile according to WHR (Table 1) .
Pattern of serum lipid profile abnormality and prevalence of dyslipidemia components
The pattern of serum lipid abnormality was identified. According to this pattern, ~26.5 % (n=39) of study subjects from 65.6% (n=147) had single or isolated lipid profile abnormality, whereas 73.5% (n=108) of the subjects had combined serum lipid abnormality. From isolated or individual lipid abnormality, LDL-C was found among 6.7% (n=15) of the subjects, whereas HDL-C, LDL-C, TG, and TC were the combined lipid profile abnormality found among 11.2% (n=25) from total 147 study subjects identified with lipid 
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Bekele et al abnormality. When dyslipidemia components were analyzed, hypercholesterolemia was found in 23.7% (n=53), hypertriglyceridemia in 40.6% (n=91), high level of LDL-C in 43.8% (n=98), and low level of HDL-C in 41.9% (n=94; Table 2 ).
Factors associated with the prevalence of dyslipidemia
Ten independent variables were entered to multivariate logistic regression analysis model to identify independent predicator variable that was associated with the prevalence of dyslipidemia. According to this analysis, being female, aged >30 years, being overweight, obesity, hypertension, mode of transport, and having 6-10 and >10 years of diabetes had statistically significant association with the prevalence of dyslipidemia (P<0.05). In contrast, residence, educational status, and family history of DM had no statistically significant association with the prevalence of 
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Prevalence of dyslipidemia dyslipidemia. Older diabetic patients were ~8 times more likely to develop dyslipidemia (adjusted odd ratio [AOR] =8; 95% CI =0.185-11.797) than lower age-groups. Obese and overweight diabetic patients were, respectively, ~12.6 times (AOR =12.6; 95% CI =2.247-70.703) and 8.09 times (AOR =8.09; 95% CI =0.720-91.092) more likely to develop dyslipidemia compared to other diabetic patients. Diabetic patients who always use vehicles as a mode of transport were ~14 times more likely to develop dyslipidemia (AOR =14; 95% CI =0.587-33.54) compared to those who walk on foot. Diabetic patients with between 6-10 years and >10 years were, respectively, ~8.5 times (AOR =8.5; 95% CI =2.405-30.258) and 13.8 times (AOR =13.8; 95% CI =3.080-61.973) more likely to develop dyslipidemia compared with lower agegroups (Table 3) .
Discussion
Due to economic growth and changing of lifestyle in developing countries, the prevalence of abnormal serum lipid profile is increasing, particularly in population with chronic illness with less physical activity. Dyslipidemia is the most important independent predictor of CVD in diabetic patients, which leads to the high morbidity and mortality of diabetic patients.
The current study was conducted to assess the prevalence of dyslipidemia and associated factors in Durame General Hospital in Kembata Tembaro zone. According to our finding, 41.9%, 43.8%, 40.6%, and 23.7% were the prevalence of individual lipid profile of low HDL-C, high LDL-C, TG, and TC, respectively. The prevalence of low HDL-C in our study is almost comparable to the finding from United Arab Emirates, whereas the prevalence of hypertriglyceridemia in our finding is much higher than that from United Arab Emirates. 21 The prevalence of high-level TC in the current finding is much lower than the finding reported from Libya, but the prevalence of high TG and LDL-C is almost comparable. 22 The prevalence values of hypercholesterolemia, hypertriglyceridemia, and low HDL-C and high LDL-C are much less than the finding reported from Jordan in which 77.2%, 83.1%, 83.9%, and 91.5% were the prevalence of TC, TG, low HDL-C, and high LDL-C, respectively. 23 Combined prevalence of reduced HDL-C, elevated LDL-C, TG, and TC was indicated in 11.6% (n=26) of the study subjects. The study also indicated that the prevalence of dyslipidemia was 65.6%. This finding is much higher compared to the study conducted in China where 
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Bekele et al the prevalence of dyslipidemia was 34.64% 24 and less than the finding reported from Jordan in which the prevalence of dyslipidemia was 90%, and the prevalence was much higher among male diabetic patients compared to women in contrast to the study reported from Jordan. 23 The prevalence of the current finding is also less than the finding reported from Finland and USA in which the prevalence values of dyslipidemia were 85.0% and 70.5%, respectively. 22 The prevalence of individual lipid profile was almost similar to a study conducted in other area of Ethiopia except that there is much higher prevalence of low HDL-C in the current study. 25 Our study also revealed that being female, aged >30 years, being overweight, obesity, hypertension, and having 6-10 and >10 years diabetes were statistically associated with the prevalence of dyslipidemia.
Limitation of the study
We did not classify the study subjects as type 1 diabetics or type 2 diabetics because the diagnosis of diabetes was based only on clinical and abnormal fasting or random blood sugar, which is not used to distinct the type of diabetes.
Conclusion
Our study indicated the high prevalence of dyslipidemia among diabetic patients. Gender, aging, longer duration of diabetes, higher BMI, and high BP were the risk factors associated with the prevalence of dyslipidemia. Dyslipidemia is the major public health problem in developing countries; and it is an independent predictor factor for developing CVD. In addition, with other risk factors such as high BP, it complicates the development of CVD among diabetic patients, leading to high mortality. Therefore, it is mandatory to screen, treat, and educate diabetic patients about dyslipidemia and its associated risk factors.
